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Abstract. For observed galactic microlensing events only one 
fit is usually presented, though, especially for a binary lens, 
several fits may be possible. This has been shown for the MA- 



CHO LMC#1 event (Dominik & Hirshfeld 1996). Here I dis 



cuss the strong binary lens events OGLE#7 and DUO#2. It is 
shown that several models with a large variety of parameters 
are in accordance with the photometric data. For most of the 
fits, 1-er-bounds on the fit parameters are given. The variation 
of the parameters within these bounds is in some cases consid- 
erable. It is likely that other binary lens events which will occur 
will have properties similar to the discussed events. 

Key words: gravitational lensing — dark matter — binaries: 
general — Stars: low-mass, brown dwarfs — planetary systems 



1. Introduction 

Some of the observed galactic microlensing events show a sig- 
nature of a binary lens. The first such event discovered was 
MACHO LMC#1, where its binary nature has been discussed 
by Dominik & H irshfe ld ( |1994| |1996| ) and by Rhie ( |1994| ) and 
Rhie & Bennett (1996). An explanation with a binary lens has 
also been proposed for OGLE#6 by Mao & Di Stefano ( |1995[ ). 
Neither of these events involves crossings of the source trajec- 
tory with the caustics, which would result in sharp spikes[] in 
the light curves, which are a clear characteristic of a binary (or 
multiple) lens. For this reason, these events are called weak bi- 
nary lens events (according to Mao & Paczy nski (|1991 )). In 



contrast, the events OGLE#7 (Udalski et al. 1994), DUO#2 



(Alard et al. \199% and MACHO LMC#9 (Bennett et al. |199J) 
involve such caustic crossings, and are therefore called strong 
binary lens events. The MACHO collaboration claims at least 
5 additional binary lens events in their data obtained with the 
alert system, namely 95-BLG-12, 96- BLG-3 , 97-BLG-l, 97- 
BLG-28, and 97-BLG-41 (Stubbs et al.|l997|). Additional data 



for these events have been obtained by the MACHO coll abo- 
ration for the OGLE#7 event (Bennett et al. |l994j |1995|; Al- 
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1 or at least a dramatic rise and fall for larger sources 



cock et al. 1997b) and by the PLANET collaboration for the 



events 95-BLG-12, 97-BLG-28, and 97-BLG-41 (Albrow et 
al. 1998a,b). 

It is a general feature that ambiguities may occur if the data 
has poor quality, where poor quality means a bad sampling rate 
and an insufficient photometric accuracy. However, except for 
the discussion of the MACHO LMC#1 event (Dominik & Hir- 
shfeld 1996), only one model has been presented for the binary 
lens microlensing events. In this paper, it is shown that sev- 
eral binary lens models can fit the observed data for the events 
OGLE#7 and DUO#2 showing that these possible ambiguities 
exist among the observed events. To draw the right conclusions 
from the observed data it is necessary to find all models which 
fit the data. Therefore it is interesting to see which types of 
configurations produce which types of light curves. For the 
MACHO LMC#1 event, 6 different configurations have been 
found which can produce an asymmetric light curve of the de- 
sired form, so that whenever an event of this form occurs, one 
should check for (at least) this 6 configurations. In fact, light 
curves of the type BL and of the type BA can differ by less than 
0.3% which is much less than the photometric accuracy actu- 
ally achieved by the observing teams, so that this ambiguity 
remains even with a perfect sampling of the data. The arising 
ambiguities for binary lens events hav e also been addressed in 
a recent paper by Di Stefano & Perna ( 1997 ). 

In this paper, configurations are shown which produce a 
double caustic crossing (OGLE#7) and a double caustic cross- 
ing with a following peak (DUO#2). Though this paper deals 
with specific events, the types of light curves discussed here are 
expected to appear more frequently in the data. The configura- 
tions shown should be checked as possible solutions for the fit 
whenever an event of this type occurs. Therefore, this analysis 
for specific events is instructive in general, even if additional 
observations show that some of the models can be ruled out for 
these specific events. Better than what can be done by a simu- 
lation, the observed events show the actual quality of the data. 

To extract the underlying physical quantities like the 
masses of the lens objects, it is of interest to see how well the 
observed data constrains the fit param eters. Excep t for MA- 
CHO LMC#1 (Dominik & Hirshfeld |l994j |1996|), no error 



bounds on the fit parameters have been given for binary lens 
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events. In this paper, these error bounds are given for most of 
the fits for OGLE#7 and DUO#2. 

Section 2 reviews the basics of galactic microlensing with 
binary lenses, Sect. 3 gives the discussion of the OGLE#7 
event, while the DUO#2 event is discussed in Sect. 4. In Sect. 5 
the results are summarized. 

2. Galactic microlensing with binary lenses 

Consider a lens at a distance D d from the observer, a source at 
a distance D a from the observer, and let D ds be the lens-source 
distance. The Einstein radius for a lens of mass M is then given 
by 



AGM D d D ds 



(1) 



Further consider an optical axis through observer and lens cen- 
ter and planes perpendicular to it at the position of the lens (lens 
plane) and the source (source plane) centered at the optical axis. 
Let the source be located at rj = te y in the source plane 
and let a light ray pass from the source to the observer through 
the lens plane at £ = r-& x. 

For a binary lens consisting of a mass with fraction mi of 
the total mass M at (rhd,0) and a mass with fraction m-2 = 
1 — mi at (— rhd, 0), where rhd = x r E, the coordinates x and 
y are related by the lens equation 



yi(x 1 ,x 2 ) = xi-mi 



xi-X 



-(1 - mi) 
y2{xi,x 2 ) = x% - mi 



x) 2 

xi - 



X 



(xi + x) 2 + x 

X2 



2 • 

2 



-(1 - mi) 



(xi - x) 2 + x 
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{xi + X) 2 + ■ 



(3) 



which gives the true source position as a function of the ob- 
served image position. For a given source position, there are 
either 3 or 5 images. To obtain the images for a given source 
position y one has to solve the lens equation numerically. 

The magnification ji of an image at x is given by the inverse 
of the Jacobian determinant of the mapping, i.e. 

H{x) = , (4) 



det(|K 

1 ox 



and the total magnification of a (point) source /i(y) is given 
as the sum of the magnifications of the individual images. A 
(point) source is located on a caustic if n(x) diverges for at 
least one image x. The magnification of an extended source is 
obtained by integrating over the point source magnifications. 

Let the source move on a straight line with a velocity v± 
projected onto the lens plane transverse to the line-of-sight be- 
tween observer and lens, so that it moves one Einstein radius 
in the lens plane in the time = For the fits, a timescale 

2 Note that this is equivalent to letting the lens move with v± into 
the opposite direction. Further note that if the fixed source is on the 



t c = 2 is is used. In addition, the following parameters are 
used (see Fig. The source trajectory projected to the lens 
plane has the closest approach to the origin at the time i max 
and the distance j- m i„ = u m i n rE. The angle a is measured 
between the x i -direction and the direction of motion of the 
source. To get uniqueness in parameter space, the sign of the 
velocity of the source is chosen so that the midpoint of the lens 
system is on the right hand side of the line traced in time by the 
source and the parameter ranges are it m i n > 0, < a < ir and 
< TOl < 1. 

The observed amplification of the source object as a func- 
tion of time A(t) has been calculated efficiently by solving the 
lens equa tion fo r the whole source trajectory simultaneously 
(Dominik 1995 ) and by determining the magnification from the 
images with Eq. (0). 



^2) Fig- 1- The geometry of a binary lens event 



Another param etrizat ion for binary lenses has been used by 
Mao & Di Stefano ( 1995 ). The main difference is that they refer 
the closest approach of the source to the center of mass of the 
lens system and not to the midpoint. The translation between 
the parameter sets is shown in Table [j]. 

The amount of additional light contributed by other objects 
than the 'source' is described by the blending parameter /. It 
gives the contribution of the light of the unlensed source to the 
total light. If A(t) denotes the amplification of the source, the 
observed amplification is given by 



Act = fA(t) + 1 - / . 



3. An event with two caustic crossings: OGLE #7 



(5) 



The OGLE#7 event (Udalski et al. |1994[ hereafter USM) is the 
first event observed which shows the signature of a strong bi- 
nary lens. In contrast to the MACHO LMC#1 event, it is clear 
that a single lens cannot explain the data, because it will pro- 
duce neither spikes nor a plateau formed like a U, irrespective 
of whether the source is a binary or not or whether the objects 



right side of the lens trajectory, a corresponding fixed lens is on the 
right side of the source trajectory. 

3 These parameters coinc i de wi th those which have been used in 
(Dominik & Hirshfeld [l994|, |l996|) 
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Table 1. The translation between different parameter sets for binary lens models 
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Mao & Di Stefano — > Dominik Dominik — > Mao & Di Stefano 

a[rad] = ^#[°] = ±fa[rad] 

<3 



'1 



1 — mi 



X = a/2 a = 2x 

t c = 2tE = t c /2 

r m in = b — f sin ■& b = r m in — X (1 — 2mi) sin a 

imax = 4 - | costf t b = t max - % (1 - 2mi) % cos a 



are extended. A first fit to the data has been presented in USM. 
However, several binary lens fits for these data are possible. In 
Tables || and [|, I present the results of 8 different fits. The % 2 
corresponds to the original errors given by the OGLE collabo- 
ration. The errors on the parameters correspond to projections 
of the hypersurface Ax 2 = X 2 ~ Xmin = 1 onto tne axes 
in parameter space. The characteristic time ranges from 162 d 
(BLO) to 1470 d (BL6) which means that the expected total 
mass (oc t%) varies by a factor of 80. The mass ratio ranges 
from about 1 (BLO, BL6, BL7) to 16 (BL). The contribution 
of external light (blending) at the mimimum light ranges from 
17 % (BL9) to 94 % (BL). Note that some of the errors on t c 
are large: For BL2 the 1-er error is about 25 % of the value, for 
BL7, BL1, BL3, and BL9 the l-a errors are also about 10-20 % 
of the value of t c . The second pair of caustic crossings for the 
BL-fit and the caustic crossings on the triangle shaped caustic 
for the BL6-fit posed additional problems for the calculation of 
the error bounds, so that no error bounds are shown for these 
fits. 

The fit of USM corresponds to the BLO-fit. Table f| shows 
the parameters of the BLO-fit in the parametrization used in 
USM and the parameters quoted there. Note that their tuq is the 
magnitude of the lensed component, while mbase corresponds 
to the minimum light observed, i.e. the light from the lensed 
and the unlensed component. These quantities are therefore re- 
lated by 



Table 4. OGLE #7: The BLO-fit and the fit of USM 



m = -m baS o - 2.5 lg / . 



(6) 



If one accepts the given error bars of the data points, one 
sees that the values of Xmin are ver Y bad (see Table ||). If one 
adapts the size of the error bars to the tail data points in the 
same way a s for the MACHO LMC#1 event (Dominik & Hir- 
shfeld 1996 ), but with Gaussian errors^, defining all data points 
for t < 900 d as belonging to the 'tail', one obtains a scaling 
factor of 7 = 1.597, which means that the errors are enlarged 
by about 60 %. The probabilities for the fits become > 84 % 



4 As shown for the MACHO LMC#1 event (Dominik |l996] ) the re- 
sults do not differ much if one uses a larger rescaling factor with a 
distribution with smaller tail or a smaller rescaling factor with a distri- 
bution with larger tail. Since there are only a few data points in the tail 
region (32 ), the extraction of non-Gaussian behaviour is not successful 
(Dominik |l996|). 



parameter 


BLO 


Udalski et al. 


t E [d] 


80.88 


80 


t b [d] 


1172.89 


1172.5 


a 


1.1309 


1.14 


q 


1.024 


1.02 


en 


131.68 


138.3 


b 


0.0532 


0.050 




18.152 


18.1 


f 


0.5573 


0.56 



for all fits and > 95 % for all fits except for BL3 and BL9. 
If one looks carefully at the light curve and the data, one sees 
that the data point in the tail at t = 806.60603 and I = 17.794 
contributes about 33 to the total \ 2 ■ If one omits this discrepant 
point, one gets a rescaling factor of 7 = 1.247 and the results 
shown in Table |6|. If one assumes that the discrepant point in 
the tail is due to a measurement error, and taking into account 
that the error bars may be about 15-25 % too small, one can 
accept all 8 models (see Table ||). If one does not ascribe the 
discrepant point to a measurement error, one has to accept the 
large rescaling factor to allow the tail to be constant. Also in 
this case, all the fits are acceptable. Note that the errors may 
show some non-Gaussian behaviour. This behaviour is effec- 
tively absorbed into the rescaling factor in my analysis. 

The light curves for the fits are shown in Fig. ^ and the 
structure of the caustics together with the source trajectory can 
be seen in Fig. |[ The distance scale used is projected Einstein 
radii (r' E = j^. r&) of the total mass in the source plane. The 
intersections of the source trajectory with the caustics and the 
projected positions of the lens objects are indicated by small 
crosses. The tip of the arrow on the trajectory denotes the clos- 
est approach to the coordinate origin. 

Additional data for this event has been obtained by the 
MACHO collaboration (Bennett et al. 11994 |1995t Alcock et 



al. 1997b). The main feature of this data is a data point (in two 
bands) on the fall of the second caustic crossing, which can 
only be fitted by including a finite source size. If one omits 
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Table 2. OGLE #7: Fits for a strong binary lens event 



parameter BL2 BLO BL1 BL7 



t c [d] 


345±! 


i6i.8±S:S 


291±S 


3501S 


^ m ax [d] 


1147.6^1 


1173.3l2.o 


1164.6ti;5 


1150.86l? 4 5 


X 


0.4001°;°- 




q OO7+0.030 

u.ooi _ 013 


4Q6+ 021 


mi 


0.268tg;gS 


0.506l°;°f 4 


q n q7 +0.089 
u.o»l _0.015 


n 5i 8+ 022 

U.OlO_ 043 


a [rad] 


o n 7 +0.028 
Z.OI f _ .062 


9 OQ7+0.044 
-0.048 


1 fiQC+0.025 
1 - UJJ -0 .026 


fl 1 QC+0.025 
u.loo_ ogg 


^min 


01 3+ 006 

u.uio_ 012 


0.048l°;°o? 


0.01 lOOl™ 8 


5QO+0-054 
u.uo»_ Q 060 




-17 5299+ 0079 


-i7.5i7iig;ggS 


-17 52fio + ° 0077 

i '- dzou -0.0088 


-17.5487l°;°? 9 3 1 


/ 


n 24 , +0.066 


n cc;7+0.020 
U.Od ( -0.022 


243+ 017 


U.bl8_ 019 



133.94 137.73 137.93 140.25 



Table 3. OGLE #7: Fits for a strong binary lens event 



parameter BL6 BL BL3 BL9 



t c [d] 


1470.84 


1299.68 


440.56l« 


495l 73 


txn&x [d] 


2149.92 


1380.10 


1168.4+J-3, 


1160.93t°,;f 


X 


0.2813 


0.3725 


n 854+ - 044 

U.OO4_ 03 g 


73fi+ 014 

U. IOO_ Q oio 


mi 


0.510 


0.059 


0.759™ 


n <ms+ 024 

U.»OO_ 009 


a [rad] 


2.050 


0.414 


1 5fi7+ 031 

1 - JO '-0.025 


1.942l°;°g 


^min 


0.649 


0.068 


31 6+ 077 

U.OlO_ 064 


0.0861°;°^ 


flbasc 


-17.5868 


-17.5555 


-17 55S8+ - 0079 
i ( .oooo_ oog6 


-i7.e39±S:8S 


/ 


0.667 


0.057 


+0.052 
U.O I O_ 064 


0.8291H2 



141.49 143.41 150.95 160.06 



Table 5. OGLE #7: Xmin anc ' tne corresponding probability without rescaling 





BL2 


BLO 


BLl 


BL7 


BL6 


BL 


BL3 


BL9 


Xmin 


133.94 


137.73 


137.93 


140.25 


141.49 


143.41 


150.95 


160.06 


V 2 xLn - V2n - 1 


4.160 


4.390 


4.402 


4.542 


4.615 


4.729 


5.169 


5.685 


P(X 2 > Xlin) 


2 ■ 10 -5 


6- nr 6 


5- KT 6 


3 ■ 10~ 6 


2- 10~ 6 


1 ■ 10" 6 


1 • 10" 7 


7- 10" 9 



this point, models with configurations similar to BL7, BL2, 
BLl, BL3, and BLO give good fits (in descending order),|^BL 
is marginal and BL6 and BL9 are excluded. If one includes 
the point on the fall of the second caustic crossing, the ap- 
proximation of a point source fails. If one allows for a finite 
source size, there are still several possible models remaining, 
with parameters similar to the above point-source fits: Mod- 
els similar to BLl, BLO, BL2, and BL3 give successful fits (in 
descending order of goodness-of-fit). The additional MACHO 



The MACHO collaboration did not make this data available in 
electronic form, these statements are based on data obtained by read- 
ing off the values from their figures. 



data is therefore not sufficient to break the ambiguities for this 
event completely. Nevertheless, it is advisory to test all of the 
above types of configurations for an event like OGLE#7 to see 
whether there are fit ambiguities and to find a suitable model. 



4. An event with two caustic crossings and an additional 
peak: DUO #2 



The DUO#2 event has been reported by Alard et al. (1995), 



hereafter AMG, where a fit with a strong binary lens is pre- 
sented. The corresponding fit parameters using my parameter 
set are shown in Table 0. For 116 data points, a \ 2 of 89 is 
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Table 6. OGLE #7: Xmin an d the corresponding probability without discrepant point with rescaling 
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BL2 


BLO 


BL1 


BL7 


BL6 


BL 


BL3 


BL9 


Xmin 


64.98 


66.92 


67.55 


68.65 


69.71 


70.37 


76.60 


80.86 


V 2 xLn - V2n - 1 


-0.807 


-0.638 


-0.583 


-0.489 


-0.399 


-0.343 


0.171 


0.510 


P(X 2 > Xlin) 


79% 


74% 


72 % 


69% 


66% 


63 % 


43 % 


30% 



reached, where the source is treated as extended (i? src Si 10 -2 ) 
and limb-darkened with Ubiuo = 0.6 and w ro d = 0.5, where the 
brightness profile of the source is of the form 



/(r, u) = u\J 1 — r 2 + 1 — 



(7) 



r being the ratio of the actual radius and the total radius. 

Here I show additional possible fits using a static binary 
lens and a point source. I have omitted one occurence of a data 
point which appeared twice in the data I have received from C. 
Alard, so that I use 115 data points and not 116 data points as 
in AMG. Moreover, I use the magnitude values for the fit and 
not the amplification values as used for the fit in AMG (S. Mao, 
private communication). From this, only a small difference re- 
sults (Dominik 1996), the Xmin differs only by about 2 units 



and the fit parameters show only small differences which are 
well within the bounds corresponding to A\ 2 = 1. The anal- 
ysis of the tail data points (t < 70 d or t > 100 d) yielded 
most-likely scaling factors 7bi U c = 0.912 for 63 data points 
and 7 ro d = 0.828 for 25 data points. These values are close to 
1 (note that there are only a few tail data points), so that the tail 
seems to be consistent with a constant brightness and no fur- 
ther scaling is used in this discussion. The results of the fits are 
shown in Tables [| and |[ The quoted error bounds correspond 
to projections of the hypersurface Ax 2 = 1 onto the axes in pa- 
rameter space. An asterisk (*) denotes that the numerical rou- 
tines have ended up at a jump discontinuity. It is not yet clear if 
this is a real effect or if it is due to difficulties in the computa- 
tion. There appear additional minima, whose Ax 2 < 1-regions 
include other minima with smaller x 2 - In particular, this is a 
problem for the BL1-, BL2-, and the BL4-fit which also makes 
the calculation of the error bounds difficult, so that they are not 
shown in the tables for these fits. This behavior is influenced 
by the fact that there are only a few data points to constrain the 
shape of the light curve in the peak region. 

One sees that the BL- and the BL4-fit give good explana- 
tions of the observed data, while the BL2-, BL3-, and the BL5- 
fit give worse results, although they are not totally excluded. 
The BLl-fit gives such a low probability that it is excluded. 
Light curves of the peak region (70 d < t < 100 d) for both 
spectral bands together with the data points are shown in Figs. ^| 
and Q where the upper curve refers to the blue band and the 
lower curve refers to the red band. Note that the largest differ- 
ences between the BL-fit and the extended source fit near the 
BL-parameters occur in the peak after the caustic crossings, not 
in the caustic crossings themselves. 



Fig. 6. DUO #2: Light curves for the fit near BL with an ex- 
tended source and the measured data points. Light curve for 
the blue spectral band on the top and light curve for the red 
spectral band on the bottom. 



The configurations for the different models are shown in 
Fig. ^, where the caustics are shown together with the trajec- 
tory of the moving point source. The projected positions of the 
lens objects and the intersections of the source trajectory with 
the caustics are indicated by small crosses. All distances are 
measured in Einstein radii te if the projection to the lens plane 
is considered or in projected Einstein radii r' E if the projection 
to the source plane is considered. 

Taking into account the error bounds, the BL-fit seems to 
coincide with the fit in AMG, except for the small lower bound 
on x, which however may be relict of computational problems. 
Near the parameters for the BL-fit, I have started a fit including 
an extended source. As for the fit of AMG, the source bright- 
ness profile has been fixed to a limb-darkening profile with 
""blue — 0.6 and w rc d = 0.5. The resulting fit parameters are 
shown in Table |l0| Note that this fit gives only a slightly better 
Xmin than the BL-fit with a point source. The parameters co- 
incide with the BL-fit as well as with the fit of AMG. It it not 
clear to me how the Xmin = $9 of AMG is reached. For their 
fit parameters (S. Mao, private communication), I obtain a \ 2 
which is larger than the Xmin f° r the extended source fit. 
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Fig. 2. OGLE#7: Light curves for the different binary lens fits and measured data points in I-band. From left to right, top to 
bottom: (a) BL2, (b) BLO, (c) BL 1 , (d) BL7, (e) BL6, (f) BL, (g) BL3, (h) BL9. 



A peak near a caustic crossing can also be modeled in a the caustic crossing can be modeled by including the rotation 
different way with a rotating binary lens. With parameters sim- (Dominik 1998b| ). 



ilar to those used for the model BLO for OGLE#7, a peak after 



In AMG, it has been adressed that the observation of the 
position of the blend together with the observation of the shift 
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Table 8. DUO #2: Fits for a strong binary lens event 



7 



parameter BL BL4 BL2 



t c [d] 




23.79 


16.40 


^max [d] 


or 2 o 4 +0.075 

OO.ZO4:_ Q 62 


89.247 


88.351 


X 


64 34+ 050 
u.utot_ 0011 » 


0.4058 


0.4571 


TYl i 


n 7TO+0-005 
u. i oa_ 026 


0.176 


0.829 


a [rad] 


1 4O 6 +0-023 

l.^»0_Q Q 24 


0.670 


2.576 


Uxain 


^ h i- -,4-0 (195* 

0.157±g;S|. 


0.00684 


0.0406 


^^basc.bluc 


-20.2077+™ 


-20.2087 


-20.2046 


?7lbase,red 


-18.575i° o: gS 


-18.5777 


-18.5733 


/blue 


o.708±S:8S 


0.260 


0.418 


/red 


702+ 044 
u. (uz_ 054 


0.266 


0.441 


Xmin 


109.45 


111.57 


131.17 


n = # d.o.f. 


105 


105 


105 


V 2 xL n - V2n - 1 


0.338 


0.481 


1.740 


^(X 2 > Xmin) 


37 % 


32% 


4% 



Table 9. DUO #2: Fits for a strong binary lens event 



parameter 


BL3 


BL5 


BL1 


tc [d] 


14.951S& 


12.30«-j 7 * 


14.40 


^max [d] 


85.69t°; 24 - 


84.29t°;°f 


85.99 


X 


n 7009+0. 0068 

u. ( ooz_ 007g 


4Q5+ 009 
<J-t»o_ 005 , 


0.649 


mi 


2 63+ 036 

u - zuo -0 .024 


1Q5+0 030 

u.i»o_ 031 


0.394 


a [rad] 


c,o, fi +0.022 
U.OOO_q 030 


2 260+ 071 
z.zou_ 044 , 


0.423 




053+ 011 


0.1611°;^ 


0.261 


'^'basc,blue 


-20.2075^ 


-20.1980«;^ 7 


-20.2059 


'^'base,rcd 


-18.574±g;g» 


-18.564±g : gil 


-18.573 


/blue 


0.886t°;£*. 


0.5481q:o42 


0.803 


/red 


0.8721HS 


529+ - 044 

U.JZ3_q q 44 


0.795 



Xmin 


134.96 


137.63 


168.39 


n = # d.o.f. 


105 


105 


105 


V 2 X min - V2n - 1 


1.973 


2.134 


3.89 


P(X 2 > Xmin) 


2 % 


2 % 


5- 10~ 5 



in the centroid of light gives an additional constraint. In fact, 
with these observations, a constraint on the blending parameter 
/ is obtained. The observed data for the centroid shift and the 
position of the blend should rule out the models BL4 and BL2, 
leaving the model BL (which had been proposed by AMG) as 
the most likely interpretation, though the BL5 model does not 
seem to be completely excluded. 



5. Summary of results 

It has been shown that there are several models which fit the 
observed photometric data for the strong binary lens events 
OGLE#7 and DUO#2, as well as for the weak binary lens event 



MACHO LMC#1 (Dominik & Hirshfeld 1996). A large vari 



ety of timescales results, so that the expectation value for the 
mass (see Dominik 1998a| ) differs by a factor of 80 for the 
different fits for OGLE#7. In addition, the uncertainty in t c 
for a given fit as given by the 1-er-bound is as large as 25 % 
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Table 7. DUO #2: Fit of AMG 



parameter DUO#2 in AMG 



t c [d] 


17 


^max [d] 


85.19 


X 


0.605 


mi 


0.752 


a [rad] 


1.490 


Umin 


0.096 


T^basCjblue 


-20.21 


'^'basc,red 


-18.55 


/blue 


0.73 


,/rcd 


0.70 



Table 10. DUO #2: Fit for a strong binary lens and an extended 
source 



parameter 


binary lens, extended source 


t c [d] 


19.1 


(max [d] 


85.18 


X 


0.626 


mi 


0.738 


a [rad] 


1.447 


^min 


0.159 


^^base,blue 


-20.207 


77lbasc,rcd 


-18.575 


/blue 


0.665 


/red 


0.657 


^src 


0.0012 



Xmin 



n = # d.o.f. 

P(x 2 > xl 



Cmin) 



107.28 
104 
0.260 
40% 



for OGLE#7, which is substantially larger than for MACHO 
LMC#1 or events described by single point-mass lenses. 

While ambiguities for DUO#2 are due to the bad sampling 
rate, the light curves for the different models are much more 
similar for OGLE#7 and MACHO LMC#1, so that even for a 
good (or perfect) sampling, ambiguities may occur due to the 
limited photometric precision. Whether there are ambiguities 
or not for a given photometric precision depends on the dis- 
tinctive features that are present in the light curve. The asym- 
metric peak is a less distinctive feature than the double caustic 
crossing of OGLE#7, an asymmetric peak can also be mod- 
eled by a binary source, while the spikes at the caustic cross- 
ing clearly indicate a lens binary (or multiple). The additional 



peak for DUO#2 is an additional distinctive feature compared 
to OGLE#7. More distinctive features can be present if one 
can observe the finite source size (Alcock et al. 1997a; Al- 



brow et al. 1998b), or rotation effects (Dominik 1998b) in the 



photometric data, where rotation effects can be the earth-sun 



parallax (Alcock et al. 1997a) the rotation of a binary source 
(Paczyriski 1997) or of a binary lens (example yet to be de- 
tected). Some of the ambiguities may also disappear if one 
can obse rve blending shifts and identify the blend (Alard et 
al. 1995 ) or resolve the motion of the centroid of lig ht due 



to the mot ion an d brightenin g of th e images (H0g et al. |1995 
Paczyhski |l998t Boden et al. |l998| ). 



This paper shows that it is of importance to look for all 
possi ble fi ts. The models shown (and by Dominik & Hirsh- 
feld ( |1996| ) for MACHO LMC#1) here give some insight to the 
possible configurations which arise for the presented type of 
models. 

Especially for claiming the existence of a planet from a mi- 
crolensing light curve, one has to be careful and study all possi- 
ble models and consider the uncertainties of the fit parameters 



as given e.g. by l-cr-bounds (see also Gaudi & Gould 1997 
Gaudi 1997[ ). From these fit parameters, information about the 



physical quantities (mass, separation) can be obtained (Do- 
minik |1998ah. 
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Fig. 3. OGLE#7. Caustics and source trajectory for the different binary lens fits. The distance is measured in projected Einstein 
radii of the total mass. Small crosses indicate crossings of the source trajectory with the caustics and the projected positions of 
the point masses. From left to right, top to bottom: (a) BL2, (b) BLO, (c) BL1, (d) BL7, (e) BL6, (f) BL, (g) BL3, (h) BL9. 
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Fig. 4. DUO #2: Light curves for the different binary lens fits and measured data points. Light curve for the blue spectral band 
on the top and light curve for the red spectral band on the bottom. From left to right, top to bottom: (a) BL, (b) BL4, (c) BL2, (d) 
BL3. 
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Fig. 5. DUO #2: Light curves for the different binary lens fits and measured data points. Light curve for the blue spectral band 
on the top and light curve for the red spectral band on the bottom. From left to right: (a) BL5, (b) BL1. 
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Fig. 7. DUO #2: Caustics and source trajectory for the different binary lens fits. From left to right, top to bottom: (a) BL, (b) BL4, 
(c) BL2, (d) BL3, (e) BL5, (f) BL1. 
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Figure 1 
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Figure 2a 
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Figure 2c 
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Figure 2e 
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Figure 2g 
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Figure 4a 
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Figure 4b 
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Figure 5 a 
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